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When US Government drawings, specifications, or other data are used for any purpose other than a definitely related government procurement operation, the government thereby incurs no responsibility nor any obligation whatsoever; and the fact that the government may have formulated, furnished, or in any way supplied the said drawings, specifications, or other data is not to be regarded by implication or otherwise, as in any manner licensing the holder or any other person or corporation, or conveying any rights or permission to manufacture, use, or sell any patented invention that may in any way be related thereto. Actually, computer programming, is not an equipment item.
The WBS, in turn, subdivides EDP into four major subclasses: the central processor, large capacity storage, data channels, and input/output equipment. A fifth "catch-all" classification, "other," picks up such items as certain instruction controls and arithmetic elements that do not always fall conveniently into one of the four major classes.
SCOPE OF COSTS COVERED
Only investment or production costs of EDP equipment are discussed in this report. Excluded from this study are: In most cases, the central processor has been the most costly item of total EDP equipment. Although the situation may vary substantially from case to case, the cost of the central processor has composed roughly one-half of total EDP investment costs. The other three major items, large capacity storage, data channels, and input/output equipment, constitute the remaining 50 percent.
GENERAL PLAN OF THE REPORT
Four basic methods of estimating EDP investment costs are discussed in this report. The advantages and limitations of each method are discussed, and specific data sources that might be referenced in using each method are identified. First, publicly available catalogs are used to a greater extent in costing EDP equipment than they are used in most other major classes of electronic equipment. Second, analogies are widely used in costing EDP equipment just as they are used in costing other items of equipment. In other words, the cost of the EDP equipment of a new system is frequently based on the costs of similar equipment in other prior systems. Third, relatively extensive research has gone into the development of parametric-estimating relationships (ERs)
as a means of estimating EDP costs. These ERs will be reviewed. Finally, the paper discusses how the cost estimator can use the help of EDP experts in estimating the investment costs of new EDP equipment.
SECTION II EDP CATALOGS TYPES OF CATALOG INFORMATION
Publicly available catalog compendiums provide an extensive array of cost and performance-design data on EDP equipment. These catalogs generally contain the per unit prices for numerous manufacturers' models of EDP equipment.
WHEN CATALOGS CAN BE USED
These catalogs can be used to estimate EDP costs when the equipment to be costed is a standard, off-the-shelf commercial item, and when the office requesting the cost estimate or the system design engineer with whom the cost estimator is working can identify the specific manufacturers' EDP model to be costed. This specific type of equipment description information is likely to be available during Contract Definition (i.e., Definition Phase) or the Acquisition Phase of a System Cycle.
Frequently, it will not be known during Concept Formulation (i.e., in the Conceptual Phase).
Although primarily applicable to costing state-of-the-art equipment, catalog prices can also be used as a starting point for costing new types of EDP equipment, which are similar to but slightly more complex or advanced than current manufacturers' specification models.
The catalog price would then be a data source for using the "specificanalogy" method of costing discussed in Section III.
ADVANTAGES OF CATALOG COSTING
The catalog method of costing has the following advantages: it is likely to give a more accurate estimate than the Estimating Relationship method of estimation described in Section IV; and its credibility is relatively easy to establish since its methodology and data sources are easily traced and verified.
DISADVANTAGES OF CATALOG COSTING
There are two closely allied problems associated with using the catalog method of estimating EDP investment costs. Frequently, the cost estimator cannot obtain a model or specification type description of the equipment to be costed. Without such a description, the catalog method of costing cannot be used. Even when a relatively detailed design-type description of the desired equipment is available, there may be a problem in using the catalog method of costing when the equipment to be costed does not match any catalog item. This is often true, especially when the cost analysis is in support of advanced planning projects which require EDP equipment having performance capabilities exceeding the current state-of-the-art. At best, in such situations, the catalog method must be used in conjunction with some of the other estimating methods described in the following sections.
SPECIFIC CATALOG COMPENDIUMS
There are at least five major catalog compendiums of financial and non-financial information on EDP equipment. These are described in Exhibit I.
The choice of a specific catalog source, when it is appropriate to use catalog costing, depends upon a host of considerations. In some circumstances, there is the question of availability. All cost estimators do not have access to all EDP catalogs. Also, some catalogs are easier to reference than others, and when a quick answer is required, the easier-to-reference catalogs may be considered first.
Finally, there is the question of accuracy. Accuracy requirements vary from case to case. Some catalog compendiums, because of their greater detail or more frequent updating, will give a more accurate estimate of EDP costs than other compendiums. •r-l to be purchased by a government contractor, rather than directly by the Government, GSA prices will probably understate the correct price.
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The eight-volume Auerbach reports cost $695 per year and contain more than 5,000 small print, 8-1/2" x 11" pages of detail. These reports are a useful reference to the cost estimator when the system designer can specify a highly detailed description of the EDP equipment configuration to be costed and when a high degree of accuracy in the cost estimate is required. Among the major advantages of the Auerbach reports is that they summarize and consolidate the many thousands of pages contained in the equipment catalogs of different EDP equipment manufacturers. The Auerbach reports also seek to evaluate and rate objectively the comparative capability of different manufacturers' equipment to perform specified EDP tasks. For many costing assignments, however, the cost estimator can work at a higher level of aggregation than that provided by the Auerbach reports. In some advanced planning or conceptual phase studies, system design engineers may not be in a position to specify a particular manufacturer's model as being the one desired. Occasionally, the engineers may not even be able to specify the general performance requirements (storage capacity, processing speed, etc.) desired of the new computer. Sometimes, the only guidance that the project engineers can give the cost estimator is to liken the type of EDP functions to be performed and the general magnitude of the EDP workload for the new system to those in another specified system. In such instances, the cost estimator's only basis for estimating the EDP costs of the new system is to try to determine what were (have been)
the EDP equipment costs of the specified analogous system. Thus, because actual cost data are often hard to obtain, the specific analogy method of estimation, historically, has often involved using a prior cost estimate as a base to make a future cost estimate.
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This procedure is hazardous simply because, historically, many prior estimates have been seriously in error.*
PINPOINTING SIMILARITIES AND DIFFERENCES
Notwithstanding the problems in using the specific analogy method of estimation, it is very frequently used by cost estimators since the problems in using other estimating methods are often even more difficult,
There are various data sources that can be employed in using the specific analogy method to estimate EDP investment costs.
MITRE has made studies which can aid the cost estimator in determining how similar a new EDP equipment requirement is as compared to previous or contemporary EDP equipment on which he has cost data. T , f . _ [9] . . The MITRE CERs apply to general purpose, digital computers having greater than 100,000 bits minimum core storage capacity and with a central processor cost exceeding $300,000. The most frequent problem in using experts is that the cost estimator often receives little or no traceable supporting data or methodology to substantiate the expert's opinion. Of course, sometimes an EDP expert will support his "considered" opinion with full documentation that traces each step of his reasoning. However, in many cases expert opinions are purely intuitive, and the cost estimator receives little or no insight relative to the process that the expert used to reach his opinion. The problems of evaluating such undocumented opinions are heightened by the fact that many of the most knowledgeable computer experts are employed by the leading manufacturers of computer equipment. It is reasonable to presume that the opinions of these experts are sometimes slanted to reflect favorably on the computers manufactured by or being developed by their employers.
Another problem in using outside experts for opinions is that project ground rules sometimes deny Air Force cost estimators access to contractor sources when making "independent" Air Force cost estimates.
SOURCES OF EDP EXPERTISE
[l] 
SUMMARY
This report has tried to show that a cost analyst who estimates EDP equipment costs has at his disposal a kit of estimating tools rather than a single method. Also, it has been stressed that none of the various estimating methods has an inherent, universal, clear-cut advantage over the others. In any given case, the preferred estimating method will depend upon many considerations such as: how well (how specifically) the EDP equipment to be costed is described; the types of documented data plus expert sources available to the estimator; whether or not a high degree of accuracy in the cost estimate is important; and the length of time the estimator has to make his estimate.
Frequently, because of data inadequacies and other problems, the analyst will find it advantageous to use two or more methods to estimate EDP equipment costs, even if a second or third method is used only to check the results provided by the first.
Exhibit III provides a highly simplified, generalized cost-estimating matrix that attempts to recap procedurally the salient features of this report. 
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